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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Identiflcation No.: MAOOL120

Name of Dam: Coes Reservolr

Town: Worcester

County and State: Worcester County, Massachusetts

Stream: Tatnhuck Brock, a tributary of the Blackstone
River

Date of Inspection: July 24, 1978

Built in 1865, Coes Reservoir Dam is an
earthfill dam with a 700-foot long and 20~foot high
embankment. The Coes Knife Company buildings are
located immediately downstream of the dam, and
grinding grit f111 from the company has been placed on
the dam over the years. A broadecrested splllway 1s
located near the north abutment. The concrete welr is
38.5 feet long with a crest elevation (El) of 501.
Normal discharge flows over the weir, down a stone-
lined channel, and Into Lower Coes Pond. There 1s an
abandoned 36-inch diameter intake conduit which has
been sealed off at the upstream face of the dam.
Discharge from the condult was into a tallrace channel
which is located at the toe of the dam and leads to
the splllway dlscharge channel.

The only plans, specifications, or computations
avallable from the Owner, State, or County offices on
the design, construction, and repalr of thls dam are a
topographiec survey of the splllway area, dated July
1956, and a hydraullc and model analysis of the
spillway, dated December 1958.

Due to its age, Coes Reservolr Dam was nelther
designed nor constructed according to current approved
state-of-art procedures. Based upon the visual



inspection at the site, the lack of engineering data,
and the limlited evidence of operational or malntenance
procedures, 1t was determined that various conditions
‘must be corrected to assure the continued performance
of this dam. Generally, the Coes Reservoir Dam 1s
consldered to be in falr condition and has been
classified in the "high" hazard category.

The followling visible slgns of distress
indlcate a potential hazard at the site: erosion and
lack of protection on the steep upstream face of the
dam; deterloration of the concrete and stone training
walls of the splllway; crackling and cellapse of the
concrete side channel In the discharge channel;
seepage from the upstream wall of the tallrace channel
and north wall of the discharge channel; and a dense
growth of brush and trees on the dam embankment and
the downstream areas.

Hydraulic analyses 1ndlcate that the existing
splllway can discharge a flow of 1,458 c¢fs at E1 506.3
which is the low point on the ¢rest of the dam .

Based on slze and hazard classiflicaions, in accordance
with Corps guldellnes, the test flood is one-half the
Ezg%gg;g_maxlmgm_gigggJ An Inflow test flood of
10,000 c¢fs adjusted for surcharge storage results in
an outflow of 500 ¢fs. This will overtop the main
dam by about (3.4)feet, The splilway 1s Inadequate
since It can discharge only 17 percent of the test
flood before the dam 18 overtopped. Since overtopping
could result in complete falilure of the dam, 1t 1is
recommended that a definite surveilllance plan and
warning system be developed for use durlng periods of
unusually heavy ralins and/or runoff. This system
should be coordinated with the operators of the
upstream reservoirs (Holden No. 1 and No. 2).

It 1s recommended that the Owner employ the
services of a qualified consultant to (1) evaluate the
stabllity of the dam and seepage along the upstream
wall of the tailrace channel and (2) conduct a more
detailed hydraulle and hydrologlc study for the entire
drainage area. It is also recommended that the Cwner
construct an adequate splllway based on the studles
recommended above; repalr the upstream embankment
- slopes by filling 1in eroded areas, flatten the slope
and protect it with riprap) repair eroded concrete and
loose stonewerk in the existing spillway; remove the
concrete side channel from the discharge channel;
clear trees and brush from the dam embankment and



downstream areas; and clear debris and trash from the
splllway crest and downstream channel, The Ouwner
should also implement a systematlc program of
inspection and mailntenance.

The above recommendations should be Implemented
within a perilod of one to two years after recelipt of
the Phase I Inspection Report. An alternative to
these recommendations would be draining the reservolr
and breaching or removing the dam. )

Edward M. Greco, PJ/E.
Project Manager
Metecalf & Eddy, Inc.

Connectlcut Reglstration
No. 08365

Approved by:

Stephen L. Blshop, P.E.;

Vice President
Metcalf & Eddy, Inc.

Massachusetts Regilstration
No. 19703




This Phase I Inspectlon Report on Coes Reservolr Dam
has been reviewed by the undersigned Review Board
members. In our opinlon, the reported findings,
conclusions, and recommendations are consistent with
the Recommended Guidelines for Safety Inspection of
Dams, and with good englneering Judgment and practice,
and is hereby submitted for approval.

CHARLES G. TIERSCH, Chailrman
Chief, Foundation and Materilals
Branch

Engineering Dlvision

FRED J. RAVENS, Jr,, Member
Chief, Design Branch
Engineering Division

SAUL C. COOPER, Member '
Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

JOE B, FRYAR
Chief, Engineering Division



PREFACE

This report is prepared under guidance
contained 1n Recommended Guldelines for Safety
Inspection of Dams, for a Phase I Investigation.
Coples of these guidelines may be obtalned from the
Office of Chilef of Englneers, Washington, D. C.
20314, The purpose of a Phase I Investigation 1s to
identify expeditiously those dams which may pose
hazards to human life or property. The assessment of
the general conditlion of the dam 1s based upon
available data and visual Ilnspections., Detalled
investigation, and analyses involving topographic
mapping, subsurface investilgatlons, testing, and
detalled computational evaluatlons are beyond the
scope of a Phase I investigation; however, the 1n-
vestigation 1s intended to identify any need for such
studiles.

. In reviewlng this report, 1t should be
realized that the reported conditlon of the dam 1s
based cn observatlions of fleld condilitions at the time
of inspectlon along with-data avallable to the
inspection team. In cases where the reservoir was
lowered or drained prior to 1nspection, such actilon,
while 1mproving the stabllity and safety of the dam,
removes the normal load on the structure and may
obscure certain conditions which might otherwise be
detectable 1T inspected under the normal operating
environment of the structure.

It i1s 1mportant to note that the condition of
a dam depends on numercus and constantly changing
Internal and external conditions, and is evolutionary
in nature. It would be 1ncorrect to assume that the
present condition of the dam will contlnue to
represent the condition of the dam at some point 1n
the future. Only through continued care and
Inspection can there be any chance that unsafe
conditions be detected.

Phase I inspections are not intended to provide
detailed hydrologic and hydraulic analyses. In ac-
cordance with the established Guldelilnes, the Spillway
Test flood 1s based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible
storm runoff), or fractions thereof. Because of the
magnitude and rarlty of such a storm event, a finding
that a spillway will not pass the test flood should not
be interpreted as necessarily posing a highly inade-
quate condltion. The test flood provides a measure of
relative splllway capacity and serves as an aid in
determining the need for more detalled hydrologic and
hydraulic studles, considering the slze of the dam, its
general conditliens and the downstream damage potentilal.
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OVERVIEW
COES RESERVOIR
WORCESTER, MASSACHUSETTS

o
s
%]

VIEW FROM UPSTREAM OF SOH ABUTMENT

Location and Direction of Photographs
Shown on Figure in Appendix B
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1.1

NATIONAL DAM INSPECTICN
PROGRAM

PHASE I INSPECTION REPORT

COES RESERVOIR
SECTION 1
PROJECT INFORMATION

General
a. Authority. Public Law 92-367, August 8,

1972, authorized the Secretary of the Army,
through the Corps of Engineers, tc initiate a
national program of dam inspection throughout
the United States. The New England Division of
the Corps of Engineers has been asslgned the
responsibillty of supervising the inspection of
dams within the New England Reglon. Metcalf &
Eddy, Inc. has been retained by the New England
Division to inspect and report on selected dams
in the State of Massachusetts. Authorizatilon
and notice to proceed was issued to Metcalfl &
Eddy, Inc. under a letter of May 3, 1978, from
Ralph T. Garver, Colonel, Corps of Engineers.
Contract No. DACW 33-78-C-0306 has been as-
signed by the Corps of Engineers for thils work.

Purgose:

(1) Perform technlical inspection and evalua-
tion of nen-Federal dams to ldentify con-
ditlons which threaten the public safety
and thus permlt correction in a timely
manner by non-Federal interests.

(2) Encourage and assist the States to 1ini-
tiate qulckly effective dam safety pro-
grams for non-Federal dams.

(3) Update, verify and complete the Natilonal
Inventory of Dams.



1.2

Description of Project

A

Location. The dam 1s located in the City of
Worcester, Worcester County, Massachusetts,
on Tatnuck Brook, a tributary of the Black-
stone River, Patch Reservolr and Patch Pond
are located immediately upstream of Coes
Reservolr, Downstream of the dam and Coes
Pond, the stream Jolns Beaver Brook, which
flows into Kettle Brook and eventually dis-
charges 1nto the Middle River (see Locatilon
Map and Watershed Plan Figure D-1).

Description of Dam and Appurtenances. Coes
Reservoir Dam 1s mostly an earthfill dam, 700
feet long and 20 feet high (see Dam Plan and
sections in Appendix B). The embankment also
contains grinding grit £i111 from Coes Knife
Company and milscellaneous fill from street
demolition. Over the years, these materials
were added to the dam to increase 1ts width
and height as well to dispose of waste from
the grinding operation. The Impervious core
of the dam was constructed of ocak and brick
sheeting with a puddled trench. (See in-
spection 1list from the Worcester County
Engineer's offlice, Appendix B). The crest of
the dam 1s generally about 30 feet wide,
however, in the abutment areas, the actual
erest width is indeterminate because of exten-
8lve fi1lling to develop Lakeslde Avenue
(north abutment) and a parking lot for Cces
Knife Company (south abutment). The crest of
the dam varles from El 506,3 to E1 508.3,

The upstream slope of the embankment slope i1s
generally 1:1 (horizontal:vertical), except
for the portion north of the spiliway which
1s 5:1. The downstream slope is highly
irregular due to dumping of grinding grit;
the slope 1s generally 3:1 to 5:1, but a very
flat area occurs near the abutments (40:1 at
Lakeside Avenue) and a vertical stone wall
exists at the toe of the dam. This wall is
part of a tallrace channel that leads 1nto
the main discharge channel downstream of the
spiliway.

The spillway 1s a broad~crested welr construc-
ted of stone masonry tralining walls; concrete-
faced stone masonry slde walls; and a concrete
crest. The training walls are about 10 feet



long and form the sides to the approach
channel, The crest, which is 38.5 feet long,
is at E1 501.0.

The spillway side walls are 5.4 feet high.
There is a l-foot-wide metal si1ll embedded in
the upstream edge of the crest, and metal
slides in the side walls which were pre-
viously used as a frame to support flash-
boards. There are also four steel I-beams
embedded in the crest that were used to
support a bridge over the splllway. The
I-beams have been cut off approzximately level
with the top of the welr. The stone-~lined
downstream channel is 38 feet wide, 110 feet
long, and slopes at about 7:1l. The side
walls are dry-stone masonry and are about 4
feet high. A concrete channel, 4 feet wide
and 2 feet deep, 1s located on the bottom of
the discharge channel along the north wall.

An abandoned 1intake condult for a waterwheel
Is located 130 feet south of the splllway,
This 36-inch dlameter iron pipe has an intake
upstream in the pond. Before it was cut off
by steel sheet plling driven in the upstrean
face of the dam, the condult carried flow
beneath the dam and 1nto a gatehouse at Coes
Knife Company, located at the toe of the dan.
A gate valve 1s located 1n the gatehouse, but
it 1s rusted and lnoperable. The flow from
the waterwheel discharged into a tallrace
channel, also located along the toe of the
dam. The channel 1s 13 to 22 feet wide, 8
feet deep, and 150 feet long. It 1is made of
vertical, dry-stone masonry walls and 1s
recessed below the ground surface. This
tallrace channel intersects the main dls-
charge channel about 130 feef downstream of
the spillway.

Size Classification, Coes Reservolr Dam is
classified in the "small" category since 1t
has a maximum helght of 20 feet and a maximum
storage capacity of 1,400 acre-feet.

Hazard Classification. The Coes Knife
Company 1s located at the toe of the dam, In
addition, highly developed residential areas
on Coes Road and Lakeside Avenue are located




downstream of the dam. In the event of
overtopping or complete fallure of the dam,
more than a few lives could be lost and
conslderable property damage cculd occur,
Accordingly, the dam has been placed 1n the
"high" hazard category.

Ownership. The dam 1s presently owned by the
Coes Knife Company, 72 Coes Street, Worces-
ter, Massachusetts 01603. Messrs. Jim
Hillhouse and Joseph LaJeunesse
(617=755-2573) granted permission to enter
the property and to inspect the dam.

Operator., There are no operators of this dam
since there are noe existing operational
features. The Coes Knife Company is located
immediately downstream of the dam and as
OCwner occaslonally inspects the dam and
appurtenances,

Purpose of Dam. The dam was origlnally built
to provide water to a waterwheel for opera-
ting machlnery and for coollng purposes at
the Coes Knife Company. The pond was also
used for the production of ice at the Walker
Ice Company whilch was located in the
present-day Lakeside Avenue area. In 1936,
the intake condult to Cces Knife Company was
cut off. Presently, the reservolr is
primarily used for recreatlonal activitles,
such as swimming and fishing.

Design and Construction History. Accordlng
to Information provided by the Owner, the
original earth dam was designed by Loring
Coes and bullt in 1865. It was raised in
1871 and 1872, and a final 4 feet was added
in 1895. A road which originally crossed the
pond was relocated along the crest of the
dam, and a vehicular bridge was placed over
the spillway to provide access to the Walker
Ice Company, located in the Lakeside Avenue
area. Previcus inspectlion reports 1ndicate
that flashboards were in use on the spillway
crest as early as 1931.




During the floods 1n March 1936, the dam was
breached to a depth of 4 feet near the south
abutment, and water flowed down Coes Street
into Webster Square, During the flooding, it
was found that the gate valve on the intake
conduit was rusted and Ilnoperable.

Therefore, in December 1936, steel sheet
plling was driven through the pipe to seal 1t
off,

In late 1954 and early 1955, a plan to
enlarge the spillway to 44 feet long and 8
feet high was discussed by Coes Knife Company
and the Worcester County Commlsslioners. In
the August 1955 hurricane, the water level
rose to the crest of the dam. The embankment
north of the splllway was partially washed
out and the north wall of the splllway was
damaged, Coes Knife Company was directed by
the Worcester County Commissloners on
September 16, 1955 (see Appendix B) to
enlarge the spillway and provide a new outlet
conduit, f1ill in the dam embankment, and
riprap the upstream face. In July 1656, the
embankment was wldened 5 to 8 feet along the
upstream face using grinding grit £ill from
the company and rcad demeclition f£ill provided
by the Clty of Worcester. (Reports and
correspondence describing these events are
included in Appendlx B). By August 1956, the
vehlcular bridge over the spillway had been
removed, and the flashboards were removed at
about the same time,

In 1958, a model study for the design of a
splllway was completed by Professor Hooper at
the Alden Hydraulle Laboratory at Worcester
Polytechnic Institute. (A copy of . that
report and the proposed redesign of the
spillway is given in Appendix D.) The new
splllway was never constructed.

According to the Owner, additlional flliling
and widening of the dam embankment with
grinding grilt from the Coes Knife Company
continued from 1956 to until about 1975,
After 1975, the grinding grit was disposed of
offsite. -There are no drawings or records
that show the exact limlits or extent of the
filling.



i, Normal Operating Procedure. There are no
normal operating procedures at the dam. The
only outlet condult was a 36-inch diameter
iron pipe and a gate valve at Coes Knife
Company. The conduilt was cut off by sheet
piling in 1936. ‘

The spillway for Coes Reservoilr Dam is
ungated and flows are unrestricted.

1.3 Pertinent Data

a. Drainage Area, The approximately 7,000~acre
(10.9 square mliles) drainage area above the
dam Includes the drainage areas of four other
upstream reservoirs: Holden Reservolr No, 1
and No, 2, which are Worcester County water
supply reservolrs; and Cook Pond and Patch
Reservoir which are recreational ponds (see
Watershed Plan, Flgure D-1). The northern
two-thirds of the drainage area, including
the reservolr watersheds and the Cook Pond
dralnage area, is sparsely developed, heavily
wooded, and has moderately steep slopes. The
southern thilrd of the dralnage ares,
includling Patch and Coes Reservoilirs, is
moderate to densely developed, partially
wooded, and has gentle to moderately steep
slopes.

Discharge from Coes Reservoir is to Lower
Coes Pond which has a dam 1,300 feet
downstream. Water then joins Beaver Brook
and flows south to Kettle Brook at Curtis
Ponds Dam in Webster Square. This is a
highly developed commercial area located 0.8
miles downstream of the Coes Reservoir Dam,
Flow then continues east in Middle .River and
eventually to the Blackstone River below
Quinsigamond Pond Dam.

b, Dlscharge. Normal discharge 1s over the '
ungated spillway. The splllway weir is 38,5
feet long and the crest is at E1 501.0.

Water flows down a 110 foot long, 38 foot
wlde, stone~lined channel whilch slopes
steeply at 7:1. Thils channel has dry-stone
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masonry side walls about 4 feet high. Water
then flows from the channel downstream in the
streambed and enters Lower Coes Pond about
200 feet downstream from the splllway crest.

The spillway can dilscharge an estimated 1,458
cfs at E1l 506.3 which is the low point on the
dam crest. An inflow test flood of 10,000
cfs results 1n an adjusted outflow of 8,500
¢fs with the water surface at E1 509.7. This
will overtop the Coes Reservoir Dam by a maxi-
mum of 3.4 feet, The spillway can discharge
only 17 percent of the outflow before the dam
ls overtopped.

The maximum flood level at the dam 1s un-
known., The dam was breached to a depth of 4
feet in the March 1936 flood, but was not
overtopped., Also, the dam was not overtopped
during the August 1955 storms. It 1s not
known, however, what the reservolr elevatlon
was prlor to elther storm or what effect the
storage at upstream reservolrs had on dis-
charge to the reservolr,

Elevation (feet above Mean Sea Level (MSL)).
A benchmark elevation of 501.0 at the
splllway crest was estimated from a U.S.G.S.
topographical map.

//_'iO
(1) Top dam: 506.3 to 508.3
_ ok
(2) Test flood pool: 509.7

(3) Design surcharge (original design):
unknown

(4) Full flood control pool: Not Applicable
(N/A)

(5) Recreation pool: 501.0
(6) Spilllway crest (ungated): 501.0

(7) Upstream portal invert diversion tunnel:
N/A

(8) Stream bed at centerline of dam: U86,5
at toe of discharge channel

(9) Maximum tailwater: None,



d. Reservoir
(1) Length of maximum pool: 3,500 feet
(2) Length of recreation pool: 3,500 feet
(3) Length of flood control pool: N/A

e. Storage (acre-feet)

(1) Test flood surcharge: 790 at E1 509,7
(2) Top of dam: 1,400

(3) Flood controirpool: N/A

(4) Recreation pool: 900 (Approximate)
(5) Spillway crest: 900

f. Reservolr Surface (acres)

¥(1) Top dam: 91
¥(2) Maximum pool: 91
(3) Flood-control pool: N/A
(4) Recreation pool: 91
(5) Spillway crest: 01
g, Dam

(1) Type: earthfill with grinding grit £111
and street demolition fill

(2) Length: 700 feet

(3) Height: 0 to 20 feet

¥Based on the assumption that the surface area will not
significantly increase with changes in reservolr eleva-
tion from 501 to 506.3.



(4)
(5)

(6)
(7)

(8)
(9)

Top width: 30 feet

Side slopes: Upstream 1:1; downstream
3:1 to 5:1

Zoning: Unknown

Impervious core: 0Oak and brick sheeting
with puddled {rench

Cutoff: Unknown

Grout curtain: Unknown

Spillway

(1)
(2)
(3)

()
(5)

(6)

(7)

Type: Broad crest
Length of welr: 38.5 feet

Crest elevatlon: 501.0 MSI, (assumed
benchmark)

Gates: None

Upstream Channel: Mortared masonry
tralning walls

Downstream Channel: 38-foot wide,
110-foot long discharge channel, slopes
at 7:1 with Y=foot high side walls

General: Tallrace channel from sealed
outlet condult enters spillway dlscharge
channel 130 feet downstream of crest.

Regulatling Outlets. There are no operable

regulating outlets at this dam. An abandoned
36-1inch diameter iron outlet conduit 1is
located 130 feet south of the splllway and
leads o a gate valve 1in Coes Knife Company.
The condult was sealed off with sheet plling
in 1936, and the gate valve 1s inoperable,



SECTICN 2
ENGINEERING DATA

2.1 General. There are no plans, specifications, or

computations available from the Owner, State, or
County offices on the design, construction, or
repalr of thils dam. The Owner did provide a file
of old correspondence, inspection reports, photo-
graphs, and property maps for review. (Coples of
the pertilnent iInformation are lncluded in
Appendix B and Appendix D.) A hydraulic analysis
and model study was conducted for the spilliway at
Coes Reservoilr by Professor Hooper at the Alden
Hydraullc Laboratory, Worcester Polytechnic
Institute. A copy of the report was provided by
the Owner (included in Appendix D).

A topographic survey of the splllway area was pre-
pared 1n July 1956 by A. E. Raymond, an employee
of the Coes Knife Company. Some information from
that survey was used in the preparation of Figure
B-1. The only other data available for this
evaluation were visual observations during inspec-
tlon, review of additlonal inspection reports,

and conversations with personnel from the State
and County agencies.

We acknowledge the assistance and cooperation of
personnel of the Massachusetts Department of
Public Works: Messrs, Willis Regan and Raymond
Rochford, and of the Massachusetts Department of
Environmental Quality Engineering, Division of
Waterways: Messrs, John J. Hannon and Joseph
Iagallo. _

Also, we acknowledge the cooperation and assis-
tance of personnel from the Worcester County
Engineert's Office: Messrs. John 0'Toole, Joseph
Brazauskas, and Mr, Wallace Lindquist - recently
retired from county service.

In additlon, we thank Messrs, Jim Hillhouse,
Joseph Lajuenesse, and Bud Higgins of the Coes
Knife Company (Owner of the dam) who allowed us
to inspect the dam and provlided us with infor-
matlon on the history and past performance of the
dam.
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2.3

2.4

Construction Records. There are no detalled con-

struction records avallable.

Operatlion Records. No operation records are

avallable, and there is no dally record kept of
pocl elevation cr rainfall at the dam site.

Evaluation,

al

b.

Availability. Due to the age of this dam,
avallable englneering data 1s limited.

Adequacy. The lack of in-depth englneering
data did neot allow for a definitive review.
Therefore the adequacy of this dam could not
be assessed from the standpoint of reviewing
design and construction data, but 1s based
primarily on visual inspection, past perfor-
mance history and sound engineering judgment.

Valldlty., The limlted data available is con-
sidered valid.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a,

General. The Phase I inspection of the dam
at Coes Reservolr was performed on July 24,
1978, A copy of the inspection checklist is
included in Appendix A. This dam has been
inspected periodically by others since 1925.
A partizl 1listing of these inspections 1s in

~ Appendix B, ~The most recent inspectlon was

conducted on January 10, 1973 by representa-
tlves of the Massachusetts Department of
Public Works. A copy of thelr report,
selected earlier reports, and correspondence
pertalning to the condltion of the dam are
included in Appendix B.

Dam. The origlinal dam 1s an earthfill dam
that has subsequently been filled with grind-
ing grit and road demolition material. The
grinding grit is a waste product from the
Knife manufacturling operation and is composed
of steel shavings and sand particles which
appear to oxidize and form a hard outer
surface. The only information on the zonlng
or core 1s a note on the partial lilisting of
previous inspections (page B-2) stating that
the core is made of oak and brick with a
puddled trench,

Several signs of distress were observed, the
most signiflcant belng erosion of the up-
stream face of the dam which 1s generally a
1:1 slope without riprap. In several places
on the upstream face, the grinding grit 1is
being undermined by wave eroslon, ¢ausing
local sloughing of the slope. The dam
section just north of the spillway consists
of sand which has been eroded. In thls area,
undercutting of the bank alceng the upstream
edge of the crest has caused portions of a
chain-link fence to fall.

There is significant growth of trees and

brush on the dam embankment. The crest is
fairly clear, but five large trees, 18 to 36

12



inches in dlameter, are growing there. The
upstream face has a moderate growth of brush,
and the downstream face 1s heavily overgrown
wlth brush and small trees. Seepage was
observed entering the tailrace from around
tree roots embedded 1In the upstream side wall
of the channel.

Appurtenant Structures, The splliway 1s a
broad-crested conecrete slab welr with
concrete~faced masonry side walls. Flow

over the splllway 1s unrestricted. The
downstream channel is steeply sloping at 7:1,
lined with stone, and has dry-stone masonry
side walls. There 1s a small concrete
channel adjacent to the north wall of the
channel.

The concrete on the splllway crest 1s cracked
and eroded 1n places., Debris such as wood,
stones, and trash is scattered on the crest.
The stonework in the north ftraining wall is
loose and has fallen out of place. In the
downstream channel, the concrete side channel
1s broken and tllted out of place, and
sections of the south wall have collapsed.
Seepage enters the concrete channel from the
base of the nerth wall about 35 feet below
the splllway crest. Trash and other debris
1s scattered on the floor of the channel,
Dense vegetatlon occurs along both walls of
the discharge channel and on the bottom of
the channel along the north wall. The growth
is mostly brush and small trees, but three
large (l2~inch to 36=1inch diameter) trees are
growing on the north side. One tree is near
where seepage i1s flowing into the concrete
side channel.

An abandoned intake consisting of a 36=inch
dilameter iron plpe leads into a gatehouse at
Coes Knife Company. The top of the steel
sheet piling that cuts off the pipe can be
seen in the upstream face of the dam embank-
ment. The control valve, located 1n the
gatehouse at the toe of the dam is rusted and
leaking slightly. A tallrace channel which
used to carry discharge flow from the gate-
house 1s located under the Coes Knife Company

13



building and continues from the toe of the
dam to about 130 feet downstream of the

spllliway. Seepage occurs at three points
along the upstream wall of the channel,
usually where tree roots are embedded in the
stonework., The channel bottom contalins some
trash and other debris.

Reservoir Area. The reservoir area is
densely populated and contalns over 100
residences, The drailnage area 1s about 75
percent wooded and 25 percent developed.
Slopes range from about 5 to 20 percent.

Downstream Channel. Discharge from the spill-
way flows down a stone-lined channel which is
110 feet long and has a slope of 14 percent.
Water then flows down a relatively flat,
sandy streambed for a distance of about 100
feet and into Lower Coes Pond., The lower
pond is about 1,100 feet long and is dammed
at the downstream end near Park Avenue. Flow
then moves south to Mlddle Rlver at Websgter
Square and then east to the Blackstone Rilver
below Quinsigamond Pond Dam.

Evaluation. The above findings indicate that the

dam has several slgns of distress that requlre
attention. It 18 evident that the dam has not
been maintained and that deterioration will

continue unless actlon is taken. Recommended

measures to improve these conditions are stated

iIn Section 7.3.
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4.2

4.3

4.4

4.5

SECTION 4
OPERATION PROCEDURERS

Procedures. There are no operational procedures
at this dam.

Maintenance of Dam. The dam is not adequately
maintained even though the Coes Knife Company is
located 1mmediately adlacent teo and downstream of
the dam. Recommendatlons made to Coes Knife
Company 1n 1955 by the Worcester County Commis-~
sioners Office were that: the embankment needs
flattening and filling, riprap is required on the
upstream face, and trees and brush need to be
¢cleared from the crest and downstream face of the
dam. Also, the spillway needs repalr at the
north slde wall, the concrete side channel in the
discharge channel should be removed, and trees
and brush should be cleared from the sldes of the
discharge channel, Further, 1t was recoghnized
that the spillway was lnadequate and should be
enlarged. There was no evidence that this work
was ever done, ‘

The most recent maintenance actlivities (about
1356) have been the removal of the flashboards
and vehlcular bridge over the splllway. The only
other change to the dam has been the continued
enlargement of the embankment with grinding grit
from 1956 to 1975.

Maintenance of Operatling Facllities, The intake
condult to the wheel house has been sealed off
since 1936, There are no other known or visible
outlets from this pond.

Description of Any Warning Systems in Effect.
There are no warning systems in effect at this
dam.

Evaluation. There are no operational, maln-
tenance, or warning systems in effect at Coes
Reseprvoir Dam, This ls extremely undesireable
considering that the dam is in the "high" hazard
category. A program of operation and maintenance
should be Implemented, as recommended in Section
To 3-
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SECTION 5
HYDRAULIC/HYDROLOGIC

5.1 Ewvaluation of Features

a,

Design Data. The total drainage area for
Coes Reservolr is approximately 10.9 square
miles. The reservelr receives flow from
Patch Reservolr and 2 square miles of
tributary area directly below Patch Reser-
voir. A Phase I investigatlon has already
been completed for Patch Reservoir, (MA
00122). The inflow test flood is based on
calculated discharge from Patch Reservoir
plus an estimate of flow from the tributary
area directly below Patch Reservolr. The
Probable Maximum Flood (PMF) rate was
determined to be 2,050 cfs per square mlle
for the dralinage area below Patch Reservoir.
This calculation 1s based on the average
drainage area slope of 6 percent, the
pond-plus-swamp area to drailnage area ratilo
of 8.5 percent, and the U, S. Army Corps of
Engineers' gulde curves for Maximum Probable
Flood Peak Flow Rates (dated December 1977).
Applying one=half the PMF to the 2 square
miles of drainage area results in a
calculated peak flood flow of 2,050 c¢fs, The
outflow from Pateh Reservoir of 7,950 cfs
plus the peak flood flow of 2,050 cfs results
in a calculated inflow test flood of 10,000
cfs., By adlusting the inflow test flood for
surcharge storage, the maximum dlscharge rate
was established as 8,500 cfs (780 cfs per
square mile), with a water surface at El

509.7.

Flow over the crest of the dam is computed to
be 5,460 cfs, while flow through the spillway
is 3,040 ¢fs. The maxlimum head on the dam
would be 3.4 feet with a discharge of 15.6
cfs per foect of width. Depth at c¢ritical
flow would be at 0.6 feet with a veloclty of
8 feet per second.

Hydraulic analyses indicate that the exlstlng
spillway can discharge a flow of 1,458 cfs
(only 17 percent of the outflow test flood)
at water surface E1l 506.3, which 1s the crest
of the dam.
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The inflow from a 100-~year~frequency storm
was estimated to be 4,005 cfs., After
adjustment for surcharge storage, the outflow
from the 100-year storm was calculated to be
3,080 ¢fs which would result in a water
surface at E1 507.5 or about 1.2 feet over
the dam.

Experlence Data. Hydraulic records are not
generally available for this dam, however,
Information supplied by the Owner indicates
that the dam was nearly overtopped during the
March 1936 floods. According to photographs
and newspaper articles on the flood, the dam
was breached 1in the right abutment area near
Mill Street. Further information supplled by
the Owner indicates that the dam was not over-
topped during the 1955 floods either.
However, the water level was observed at the
crest of the dam during both the 1936 and
1955 floods,

The Owner has provided copiles of previous
hydraulic investlpgatlons at thls gite, This
consists of a letter by Mr. Frederick J.
Sanger, dated September 18, 1955, and a
report entitled "Hydraulic Design for Coes
Reservolr Spillway", by Alden Hydraulic
Laboratory, dated December 1958. (Coples are
included in Appendix D.) This information
describes the analysis and model studies for
the design of a proposed enlargement to the
spiliway at Coes Reservoir. A spilllway dis-
tharge of 3,000 cfs was used to determline the
hydraulle design for the spilllway. The basis
for thils design discharge 1s discussed in the
letter (page D-8). The results of this
Investigation were never implemented, as the
spillway was never enlarged or modlfied.

Visual Cbservations. The spillway consists
of a 38-foot long, broad-crested concrete
welr with a steep stone~lined discharge
channel. Water over the splllway discharges

‘into Lower Cces Pond 200 feet downstream from

the dam.
The spillway 1s ungated and flow is unres-

tricted. No flashboards were in place during
the inspection. A metal sill imbedded 1in the
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weilr and keyways in the training walls of the
spillway indicates that flashboards were used
at one time. This was confirmed by previous
inspection reports and discussions with the
Cwner.

Overtopping Potential. Overtopping of the
dam is expected under the test flood of
10,000 c¢fs (inflow) as well as the 100~year-
frequency floed. As noted previously, the
only available records indicate that the dam
was not overtopped during the 1936 and 1955
floods. Previous hydraullc investigations,
as dilscussed above, indicate that the spilll-
way is lnadequate and should be widened. In
the event of overtopping, complete fallure of
the dam could occur, A flood wave resulting
from fallure of the dam could cause
appreclable property damage and numerocus
losses of 11fe, Since the Coes Factory is
located immedilately downstream of the dam,
calculation of the fallure floocd wave-helght
was not consldered appropriate.

Additional Hydraulic Considerations. As
shown in Figure D-1, Coes Reservoilr 1s ‘
located downstream of Holden Reservoirs No, 1
and No, 2, Cook Pond, and Patch Reservoir.
The calculations for a Phase I Investigation
are based on the U., S. Army Corps of Engl-
neers gulde curves which do not totally
consider the storage dlscharge character-
istics of upstream reservolrs., The inflow
test flood for Coes Reservolr, however, has
included the storage effect of Cook Pond and
Patch Reservoir but not of Holden Reservoirs
No, 1 and No, 2, Therefore, the conclusilons
on peak flows and dam overtoppling should be
considered as preliminary only. A more
detailed hydrologle and hydraulic investi-
gation should be based on the storage effects
of all upstream reservoirs.
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluatlon of Structural Stability

=1

Visual Observations. The evaluation of the
structural stabillity of Coes Reservoir Dam is
based on the visual inspection on July 24,
1978.

Based on the observations discussed in
Section 3, Visual Inspection, Coes Reservoilr
may be a hazard. Conditions at the dam are
unsatisfactory and conventional factors of
safety may not exist.

It 1s recommended that a more detalled Iin-
vestligatlion be initlated to evaluate the
stabllity of the dam and the seepage at the
downstream masonry wall.

Degign and Construction Data. Discussions
wlth the Owner, County, and State personnel
indicate that there are no plans, specifica-
tlons, or computations relative to the
design, construction, or repairs of this dam.
Furthermore, information does not appear to
exist on the type, shear strength, and
permeability of the soil and/or rock mate-
rials of the embankment. Grinding grit £il11
and street demolition £i11 which comprise
part of the embankment are presumably highly
varlable in composition, strength, and
permeabillity.

It was learned that this dam was origlnally
buillt in 1865, probably of local soil or rock
materials. Avallable Information indicates
that the 1impervicus core may consist of oak
and brick sheeting with a puddled trench.

The oak sheeting was probably bounded on each
side by a brilck wall, An impervious cutoff
was probably used at this site, since the
natural soils are relatively pervious,

Timber core walls will generally last an
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indefinite period, provided the timber is
continuously saturated. In the event that
the reservolr 1s substantially lowered for
longer than three months, the timber may rot,
causing the dam to leak.

The original earth embankment 1s no longer
visible due to extensive filling of the
slopes and crest with grinding grit from the
Knife Company and with some fill from street
demolition., The slopes are irregular, and it
appears that the fill was randomly dumped

" without being graded or compacted.

Operating Records. There 1s no evidence that
instrumentation of any type was ever
installed in Coes Reservoir Dam, The
performance of this dam under prior loading
can only be iInferred from physical evidence

at the site.

Post~Construction Changes. There are no
as-built drawings for Coes Reservoir Dam,
Avallable records indicate that the
embankment was ralsed in 1871 and 1872, and
that 4 more feet were added in 1895. The
intake condult into Coes Knife Company was
cut off with sheet piling in 1936 but is
8till in place. A vehlcular bridge over the
spillway and flashboards mounted on the crest
were removed 1n about 1956. For about 20
years, from 1956 to 1975, the earth
embankment was widened with fill, primarilly
grinding grit. Records 1indicate that at
least 8 feet of width were added to some
areas of the upstream face.

Selsmic Stability. The dam 1s located in
Selsmlc Zone No, 2 and in accordance wlth
Phase I "Recommended Gulidelines" does not
warrant selsmlc analyses.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS,
AND REMEDIAL MEASURES

7.1 Dam Assessment

a.

Condition. Due to 1lts age, Coes Reservolr
Dam was neither designed nor constructed
according to current approved state-of-art
procedures. Based upon the visual inspectilon
at the site, the lack of englneering data and
limited evidence of operational or malnte-
nance procedures, there are areas of concern
which must be corrected to assure the contl-
nued performance of this dam. Generally, the
dam 1s considered to be in falr condition.
The followilng signs of distress were observed
at the site: the steep upstream face of the
dam is eroded and unprotected, the concrete
welr and stone training walls in the spillway
are deteriorated, the concrete side channel
in the discharge channel is cracked and
collapsing, water 1s seeplng from the
upstream wall of the tallrace and from the
north wall of the dlscharge channel, and
there 1s a dense growth of brush and trees on
the embankment of the dam and in downsfream
areas.

Hydraulle analyses indlcate that the existing
spiliway can discharge a flow of 1,458 cfs
(17 percent of the test outflow) at E1l 506.3
which is a low polnt on the dam crest., An
inflow test flocd of 10,000 c¢fs will overtcep
the main dam by about 3.4 feet. Previous
records lndlicate that the dam was not
overtopped by the floods of 1936 or 1955;
however, the dam was breached 4 feet deep
near the south abutment (Mill Street) during
the 1936 flood. There is no available
information on the pond levels prlor to the
storms. The 1955 storm occurred in August
when the upstream reservoirs would generally
be low, which may explain why the dam was not
overtopped, even though the 1955 storm was
more severe than the one in 1936, Hydraulie
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studies published in 1958 also state that the
dam 1s susceptlble to overtopping with the
present splliway capacity. It 1s llkely that
overtopping 1s a serlous potentlal haszard
which could cause a high loss of 1life and
property damage., Further development on the
watershed may increase this hazard in the
future.

Adegquacy of Information. The lack of indepth
engineering data dis not allow for a defini-
tive review. Therefore the adequacy of this
dam could not be assessed from the standpoint
of reviewing design and construction data,
but 1s based primarily on visual inspection,
past performance hilstory and sound englneer-
ing judgment.

Urgency. The recommendations outlined below
should be implemented within 1 or 2 years
after receipt of the Phase I Inspection
Report.

Need for Additlonal Information. Additional
investigations to further assess the adequacy
of the dam and appurtenant structures are out-
llned below 1n Section 7.2 Recommendations.

Recommendations. In view of the concerns about

the continued performance of this dam, it is
recommended that the Cwner employ a qualified
consultant to:

al

evaluate the stability of the dam and the
seepage along the upstream wall of the
tallrace channel; and

conduct a more detailled hydraulic and hydro-
logic investigation for the entire dralnage
area. The purpose of the investigation is to
design a new splllway to discharge a greater
portion of the test flood and a new outlet
facility for dewatering the reservoir.

The recommendations on repairs and maintenance
procedures are stated below under Section 7.3,
Remedial Measures.
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7.3 Remedlal Measures

a.

Alternatives, An alternatlve to the recom~

mendatlons 1In Sectlon 7.2 and the malntenance
procedures ltemlzed below would be draining
the reservolr and breaching or removing the

dam,

Operatlon and Mailntenance Procedures. The

dam and appurtenant structures are not
adequately maintained. It 1s recommended
that the Owner accomplish the following:

(1)

(2)

(3)

(")

(5)

(6)

(7

Construct an adequate spillway for the
dam, and a gated outlet, based on
hydraulic and hydrologic studies
recommended in 7.2.b.

Repair upstream embankment slopes by
f11ling in eroded areas, flattening the
slope, and protecting it with riprap.

Repair the eroded concrete on the spill-
way welr; repalr the loose stonework on
the north training wall of the splllway;
and remove the south wall of the
concrete side channel in the discharge
channel. These would be interim
measures until a new spilllway is
constructed.

Clear trees and brush from the dam en=
bankment and downstream areas,.

Clear debris and trash from the spilllway
erest and downstream channel.

Institute a definite surveillance plan
and warning system for pericds of
unusually heavy rains and/or runoff.
This should be coordinated with the
operators of the two upstream
reservolrs,

Implement a systematic program of in-
spectlon and malntenance. As a minimum,
the 1nspectlon program should consist of
a monthly Inspection of the dam and ap-
purtenances, supplemented by additilonal
inspections during and after severe
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storms. All repairs and maintenance
should be undertaken in accordance with
all applicable State regulations.
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APPENDIX B

PLAN CF DAM AND PREVIOUS
INSPECTION REPORTS

Figure B~1, Plan of Dam, and Sectilons
Previous Inspections (Partial Listing)

Inspection Report by Mass. Department of
Public Works, January 1973

Letter by Coes Knilife Company

Letter by Worcester County Commissioners,
May 1956

Inspection by Worcester County Commissioners,
March 1956

Inspection by Worcester County Commlssioners,
September 1955
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TOWN OR CITY WO rFees f'e e - DECREE O, PLAN NO. DAM NO.’f’—“" -0’5
nOCATION Cocs We‘g er_ya,r - W }S‘f - Uﬂﬁcr . 7 C C DOCKET NO )

T 9" T psaompﬂ'oﬁ OF. DAM Jrom _ _ gl-:scm_r:ﬂ‘oic OF nzsznvom a wa'rsnsnz__q o
Type 3"0an MHJMNM 1}“;: ,_fg;‘: c.:':' Name of Main Stream 7_.6 /'h U G A’ éra Ok :
Length - 40‘;"; * ¥ any other Streams !

- Height Tap. Spitl. 12. Flash. 14, EM6. s5' ] Length of Watershed 195f- (gcf 4‘,’//( a
Thickness top : . 2z’ | Width o n 7T Gef .g Lo
" botiom . ) . rob. &a-7o Is Watershed Cultivated -
Downstream Slope s Percent in Forasts
Uﬁstraam " /-,/‘, rp. . . " | Steepness of Siope ' _ e cen
Length of Spillway El crest= 940 36#1‘ [ l’(fnd of Soil . .
Size of Gates /o sde- 30 ¥ alvre Draft - 30" £/ B No. of Aues in Watershed ' /?J"? - &/ce f/?t J) / // t
Locaticn of Gates parefe clpreed by Jhoe/ J‘c&"f‘l" = 493CF " " " " Reservolr /8 76 6 Go'xwle”

_ Flashboards used  F\, Creed °$ 5?\\ w nr 803" Yes | Lengthof Reservolr -~ ”ﬂk F/u 2, ;.Q {(‘ J ]

. Width Flashboards or Gates- 9‘_0 247 | Weath " Je ,/f' f”‘ :
Dam designed by 4“"”7 (’ae_,- Max Flow Cu. Ft per Sec.

“  constructed by . Head or Flashboards-Low Water i
. Year constructed /864~ JOES- 1BLC- 186T- e Mieh S— S
—_ GENERAL REMARKS /yg]-pyﬂ“y é)’ L ortrio Coer (o  GENERAL HEMARKB T o ___I
Co es Wl’e ncA G - OwWwWhers . . | Levers of /’aﬂdﬁrra’ 5yknclr Mant' o;‘ C'c,epcr-
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"o Afw g /?.?Z " o T // /d’lf ore aw/ Uﬂa/ernfoaa/
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PREVIOUS INSPECTIONS (PARTIAL LISTING)

COPY OF INSPECTION CARD ON FILE AT THE MASSACHUSETTS
DEPARTMENT OF PUBLIC WORKS, DISTRICT OFFICE, WORCESTER.
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2.

3.

4,
5.

7.

INSPECTICON REPORT « DAME AID RESERVOIRS

Locations City/Town \Wbrcé&sre”R  Dam Noo3-{4 -348 —~OF

O PR P

Name of DamCo8s Aserv Dga Inspected by _& . oo -
Date of Inepecction 7~/0-73
Owner/st pers Assessors Prev. Inspectlion v
Reg, of Deceds Fers. Contact
1, Coes Knies G 72 Coes S  Woecesren /IS5
Name 5t, & No, City/Town State Tel. o,
2,
Name St. & lo, City/Town State Tel. Ho.
3. '
Name Ste & No. City/Town State Tfel. lo,

Caretaker (if any) e.g. superintendant, plant manager, appolinted
by absentee owner, appointed by multi owners.

Name s St., & No,

City/Towns States Tels No,
Bo. of Pictures taken NONE_

Degree of Hazard: (1€ dam should fail completely)¥

1, Minor 2. Foderate v

3. Severe 4, Digastrous

*This rating mzy ehange as land use changes (future developnent)

Outlet Control: Automatiec il Manual
Opcrative Yesy No.
Commentss Nowe
Upstream Face of Dzms Conditiont
1. Good 2. Minor Repairs ._.,.\..{

3¢ Major Repaire As Uroeny Repairs__

e

Commentsys



8., Downstream Faco of Dams
Conditlont 1, Good ___
" 3. Mojor Repsairs

Commentss

9+ Emergency Spillway:

Condition: 1. Good

3. Hajor Repairs _ v

Comments:

ppe————

DAM RO I~/¥-T4P~-0F
2, Minor Renalrs v

k., Urgent Repairs

2. Minor Repalirs_
b, Urgent Repalrs .

Loweg See.rion~ OF EnERGCENC Y Sﬁ/.uw,qy AP eons

Has LE 78 gropntzd Arbd ZOWE@ SE0 yoon OF WALLHas ¥ALED

10, UYater Level at time of inspection: 6 __ft. above
principal spilluay

top of dam

" other

11, Summary of Deficlencies Noted:

Growth (Trees and Brush) on Embankment

Aninal Burrows and Yashouts

below b

. Ye.s

AL ME

Demage to slopes or top of dem

O E

Cracked or Damaged Masonry_

&'m? L GENCY SPric WAy

Evidence of Seepage NEME
' Evidence of Piping Vo &s
Exosion LD o E
Leaks Yon e
Trash and/or debis impeding flow N or e
A on g

Clogmed or blocked splllway
Ollter _

ot e A, = g 8 e

B-5
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e . o N0 I Y -IHE- 08

12, Remarks & lecomnendationss (Fully Explain)

THERE 45 Song Bruss GRows e oh CPSFEAN |
EMBANK MEN T TRAr Syomd Bc Cermoven, Soer oF AORE
I PORFT B A 45 GRowrl ©OF 7Ee&s OV /owe";e EM BANKMEAT
ANG Growine #4105T Channwel Fuiwé Below THE
AN Por 7100 0F ZHe Qum 17sec £, THE TREES LFoN
FAceivé wrTo ThE Srrerm Covip MPEDE THE Fiow OF
WATER. AND MAY EVEN Cause LRoomé of OownsTREAH
Sores, THe WALLS oF The EMERGENCY SpreewAY
((2) J"sé.cr"""’) Have CollrPSED, THE Spres wWAY (E""E‘"Ge”"”')

HAS BEEN LuwoERMINED IN Some PLEAL, A4S oF Mol THE

EMERCENCY ShicwAy Sexves Ne ForPOSE o THIS
Cono iTION, TweE DA r FPropP&r, INCLVOING Sprec wWAY

/S 1N Goop Conprrion Anvd Shourp Kenrmdiw Fone TiomA <
For Some Time 7o Come

13, Overall Condition:

1, Safe v

L

2, Minor repairs nceded

3, Conditionally safe - mzjor repairs necded

4, UnSlee

S, Reservoir inpoundiment ne lencer exists {explain)

Recommend removal from inspection llst

B-6



o / DESCRIPTION OF DAM
DISTRICT .3

G, Miiumy

Submitted byx . x.pe0 Dam-‘%’o{f’“ SHF0 B
Date /= 22:7% CLty/Toxf, Worﬂes:’e’r
Name ofCDan K"E-re.e vora D il

1. locations Topo Sheet No, “ymel. 20 D

Provide 83" x 11" in clear copy of topo map with locatlon of
Dam clearly indicated. -

2. Year builts Year/s of subsequent repalrs

3. Purpose of Dams Iater Supply Recreational _v”

P — s e p———

Irrigation _____ = Other

4, Dralnage Area: “- Q sqQs Ml acres

5+ HNormal Ponding Areai /00 r acres; Ave., depth

Inpoundments o0alsg agre ft,

6+ No., and type of dwellings located adjacent to pond or reservolr

‘ 7
53&'”“/&4_’2’2&‘ 1.2, summer homes, etc,

. /
7._ Dimensions of Dams Length z90o t Max. Helight [y

Slopess Upstream Face 27

Downstream Faces 72 - /

4 f
Width across top ¥o—¢s

By Classification of Dam by Materials

Earthe_ Conc. Masonry s Stone lMasonry
Tinber Rockfill ‘Other

9« M. Description of present land usage downstream of dams

% ruxaly. - (00 % urban,

Bs 1Is there a storage area or flood plaln downstream of dam which
could aczcomadate the impoundment. in the event of a complete
daw fadinxe? yes no A

B-7
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pan wo.> ¥ -3#8-o8

S . —
" w——

10. Risk to 1ife and proporty in event of complete falilure,
S0

No. of people : -
No, of homes 70 .
No., of Businessns___{______.

No. of industries « Type

No, of utilities_ AP~e~ |, Type

Railroads AMowe -

Other damsZOwéie Coxs oM -..D4M

Other .

1le¢ Attach Sketch of dam to this form shewing section and plan.
on 63" x 11" sheet.,

"z, HWoew Vs L\uc,n..;"m?:'_’ ) - .
Parww Ace —o Cuwy D7 Lorode

Amine A - e 2 Qows ST YRowwwey T WO

A >

M A L
Viste -2t AN b K.-:)'c;-

B R N -

B-8
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Mr. Alexaonder B. Campbell July 11, 1956
P.0. Box 5? . ,
Sapemore Beach, Massachuscits

N Dear r.u». csmpl»n. N - ’ .‘- .' ‘\. A '..'..' ‘ - S ..‘ i

Followinz our telephene conversation this morning, Gecorge Collins and I reviewed
the £illing vhich had teon ecoccmmlisched o the dem.

First, you wlll recall, thet we gsob guite a bit of f£1l1l from the housing development
geveral yeors £2o end thfs £111 has formed 2 shelf for the new £111 w2 heve cbtained
reeently., Starting from the 1l Street gide we have duwped grinding rmuck of cur

own to build out an everage of 8' (eight feet) from whore the banking wes lest Auzust

" at the time of the flood., Tuls grinding muck £il1l extends over to a point in back of

tha Boller Rocom. Theu several loads from Venditii and the Clty were-dumped at tie

, forge end of the Boiler Room, exterding out gbout 8' (eight feet), Approximately

25 loads were dumped sterting behind the Forge Room over to sbout 12' (twelve feet)
bayond the old whcel housc entronce bullding cut the dem about 5 to 6 feet. . All of
this £ill wes from the City vhon thoy resurfoced Moywood Street frem Park Avenue to
Main Street. At that tice thoy removed the 3' putters fren either side of Mayw oocl

Etrect and black-topped all the woy to the curb.

Mr. Donchue hes promised George Collins that they are poing to do the same thin.s oo

v May Street; soon ad wve will get nore f£111 at that time,

Therd are otill several depression arces slong in front of the old shipping dock and

the next £111 we get will be dumped in this area which extends for about 75'.

thile dfctating this, I declded it might be u good idea to have Jim Hillhouse go over
this with George ancl make o smell sketeh which will probably make it ¢learsr to you.

Very truly yours,
COES KUIFE CQMPANY

Edwin E. Bloom
' Execubive Vies President

EEB/on .

8ketch

Coage,



COMMONWEALTH OF MASEALBH LSETTS

Horeester Uounly ommissioners

CQAQURT HAOUSE, WORCUSTER, MASSACHUSETTS

TELEPHONE PLEABANT 6-244)
OISEPH A, ASPERO, WORCESTER, CHAIRMAN
RANCIS E, CGASSIDY, WEOSTER
OWARD P. BIRD, FitGHBURG

May 18, 1956

Mr. Alexander B, Campbell, President
Coes Lnife Company

72 Coes Street

Worcester, iassachusetts

Re: Your Dsm ~ Coes Reservoir - County ;:61-08
Worcester, HMHassachusetts

Dear Sir:

T refer you to our letter of karch 26, 1956 regardins our
request for nlans snd specificntions for a new spillwsy
capable of handline rare lood Ilows to be submitted to tihie
Board of County Cormissioners at a date whilch would vermit
the reconstructicn to be completed this surmer.

Prof. L. J. Hooper, of tae Alden Hydraulic Laboratory,
in Hdeclden, computed the new length and depth of this spillway
which can safely carry the waters of a rare I'lood.

It will also be necessary for this nlan to nrovide a. draw
off pate with pive tiaroush the embanlment at a location adjacent
to the southerly abutment of the spillway.

You stated in your letter of aApril 12, 1956 to this Board
that "Mhen plens and specifications are prenared they wili be
submitted to the County Commissioners," This statement gives
us no indication of the date these plans will be ready,

You alsc stated that you had just talked to City iManager,
Trancis J. licGrath, and that he has made a request for funds to
‘do thils work from the State Authorities, and he was awaiting a
reply to his reauest. '

The City of Y“eorcester Sub-Flood Committee, of waich our
Inginsger, i, L. C. lLiarden was a menber, conslders tils dam
to be the outstanding flood hazard in Worcester at the present
time due to the inadequate size of the spillway.

B-11



Lr. Alexander B. -2 - ray lb, 1956
Campbell

If this lonard cannot be supplied new plans and specifica-
tions drawn by a competent hydraulie Tngincer by June 15, 1956
it will be necessary for us to icsue sn CRUZR to you in writing
In aceordance with Ceneral Laws (Jer. . ) qunter 253 and anend-
ments Liereto to nrovide such nleans and sreciﬁ.cntions fcr the
approval of the Zecréd of County Comrlssioners.

Very truly yours,

Iy rﬂncj s i.. Cassid

iites ZJMM {; . @k_

Edward P, psircd

y



COMMONWEALTH NF MASSACHUSETTS

Moreester Tounly Commissioners

CDURT HOLUSE, WORCLESTER, MASSAGHIISETTS

TELEFHONE PLEABANT &-2441

JOSEPH A. ASPERD, WQRCEITER, CHAIAMAN
FRANCIS E. CASSIDY, WEASTER
EQOWARD P. BIRD, FITCHBURG

’6 L/{ - | " Merch 26, 1956

‘Tﬁ
Pf.ff

¥r. Alexander Campbell, Presidesnt
Coes Knif~ Cowmpany

72 Coes Stroeet

Worcester, Massachusetts

Dear Sir:

Dam No. £1-08 ~ Coecs Reservoir, Yoreestsr, Mass.

An insﬁection of wour dam last year showed the fol-
lowing repairs to be necessary:

1. Spillway.

as Stone sbutment in poor condition on nond zide.

b, BS8teel channels and wallkway I beams nust be re-
moved to give unobstructed flow of water over
the spillway.

2. BEmbanltment,

a. Peartly wached out both s=ides of sp»illway.
. Upstream slopes should bs ripranrced on pond sids.

3. frates.

a., None visibvle.

s At your meeting st the Court House with the County
Commissioners, the nccessity of constructing a wider and deenrer
spillway was discussed.

5. Plans end swvecifications for the naw spillwsy shonld
be rrepared and snbmitted to the Cownty Commissioners for thelr
approval so that reconstruciion csn be completed this sumncr.

Vary truly yours,

WORCESTTR COUILY COMMISSIONERS

Lov/ja eph t., Aspzro, Chairmen



COMMDNWEALTH OF MASSACHUSETTS

Woreester Uounly Commissioners

COURT HOUSE, WORCESTER, MASSACHUEBETTS

k TELEPHONE WORCEETER 6-24 41
HJOEEPH A, ABPERD, WORCKETER, CHAIRMAN

FRANEIS E, CAESBIDY. WEasTER

EOWARD P, BIRD, FiITCHAURA

September 16, 1955

Coes Knife Company

'72 Coes Street

Worcester, Masa,

Attention: HMr., Loring Coes
Dear Mr., Coea:

Subject: Insnection of Dam No. 61-07, Coes Square,
woreester, Maessachusetia.

An Inspectlon was mede of this dam on September 12, 1955,
We found thet the condition of the dem was poor. The following
repalrs should be mede: :

SPILLYAY, ‘ :
i1, Two feet of fleshboerdas in the two center
-~ - sectione of the spillwsy nmust be removed,
2. The stone shutment wall on the northerly end
is in poor condition and should be rkbuilt,
3. A new steel walkwey will be required 1f sny
more stanchion boerds sre to be used on the
crest of the epiliwsy.
EMBANKMZNT,
- 1. The embenkment gt the northerly end of the dam
hes been pvartly washed out.
2. A materisl composed of cley and loam must be
uged to replace the weshed out portion.
3. The upstream slope of the embenkment must be
. paved with stones eighteen incheés 1in depth.
GATES.

1. It is apoerent thet water is lecking into the
0ld penstock which has been blocked off.

2, At present the pond cennct be drained.

3. The vresent penstock should be repleced with a
™~ thirty-six inch steel plpe with a gete at the
upper end and the lower end emntying into the
stream channel.



Dam No. 61-07, Coes Sousre, Worcester, Cont'd.

Any structurel chenges to this dam must be in accordance
with gew plang submitted to the County Commissioners for thélr ap-
proval.

It 1s evident that this gpillwey ls too small to handle

_ & hurricene flow of weter. The soillway should be lowered at least

elghteen inches so es to glve it additslonzl capacity.

Atteched are lists of instructions for the preparation snd
are of Regervoir or Mill Dams during the coming winter.

Very truly yours,

WORCESTZR COUNTY COMYM

4!

Jpgeph A, Aspero, Chalrman

SIOWERS

By:

1o0M/ ja
i . _ L



APPENDIX C
PHOTOGRAPHS



NO.1 VIEW OF SPILLWAY CREST AND NORTH ABUTMENT

m«rﬁﬁ"\. =

NO. 2 VIEW OF SPILLWAY CREST AND DAM EMBANKMENT



NO. 3 VIEW OF SPILLWAY CHANNEL




s
'

B 3 v,

NO. 6 VIEW OF SEEPAGE FROM WEST WALL
OF TAILRACE CHANNEL

C-3



APPENDIX D
HYDROLOGIC AND HYDRAULIC

COMPUTATICNS
Page
Hydrologlic and Hydraulic Computations D=1
Watershed Plan, Flgure D-1 In pocket
Letter from Frederick J. Sanger D=8

Hydraulle Report by L. J. Hooper D=11



Project Afa-.l- Revtew C’_‘p Non Fed. Da u: Acct, No. 58 6Y Page 1 D (o
Subject Weovc @9“& MQ!'T Ma‘- Comptd. By ‘__[_E [ Date ‘7/2-"(/'78
Detail COLS EESEEUO’(C DGM Ckd. By L‘.:ﬂi'\-.:' Date r/ > / /

(@) nflow Test Flood ¢ 190 reaiFlood

Coes Pes, veécieJes /dw-lffam Btch Per. plus 2.0.2¢ anlec +f

dheectly Hribu area . Flood valveg will be bace on g

Prevwusly cale. cdischonropr Lrow Paftct , plus aun €sbtmate
6 peat flow from divect. 1rik. area. (DTra)

A~ DT A, - Aue, Slope - 720 o 587%- 56-7 6%

Tiov

2:0

T Bwde & Sevampr = 018 72170, 8.5%,

Peck Flow Rade s{, gttt belons Rolliniy”- Say 2050e's /ui®

B-_nflonoTest Flovd (Fm low doms @ K PHMP)

DTA = 2050(+)x » Loso cde.
F-\PO\MP(:(-C,L. ?S’D I

Im£ {onw Test Flood = 6o oo c£.5_

C-_ (00 Yean F]
Say 47 mfr%:w G bosrs “TONG vnfua- 1nfi 1 (pe 67 50" ]

D.TA4 = ‘/Ic}o(lq” = 8’2-S'c{3
Frow Pa (et 31 BO u

_ o0 Yean Flood fuflaw 40 05 efs

@5+ova4e wnetions
Bated on: Finud Q‘,” > o,,‘ (l --""‘F) S ¢ {;Fr:}[;uu_g e (i, su b le. Sfc/)

V&LJ—\

A-Test Flood | @), = /ooooﬁ'-rfj} = (0000 - /0526 8 = Frp

8-100 YR.Floed 1 () , d-aor(/~—-— sqoof - §52. 8 = F



Project Mﬁ‘% th - F‘ DQ_IM.! - Acct. No. '5-8 6 Q( Page

[ r-"ot
Subject Woveestes”  Ma. Avrea Comptd. By LER Date 6/6:/79
Detail OES RESERUOIR _DAM Ck'd. By L~ Date _{/2'/ L
Gen. Refevence 1 " Open Chaiuwel Ht-(dvauflc's“— Vew T¢ Cliow

@ Reroad Crected Spillwas - Qs,:C‘LHM- [Re§. Pp 3c0-262]

Ce 327 +o,¢+-E— S L=L’-—0.INH

H.'-Ptu.jgrc‘aj Waelew Head ou CREST (hv not /wé(u‘&’eﬁ)
h = Weivr He¢5k$J L’= Mezsuved Crect Lo a’sib\
A< sy mptrons

For Floods o Peak F(ows) JT} . 0.5 0 C=2.47
L= 907 L !

’ ?/1_ Jl’ X
S Qs :B,IZLH -1:;—&_\\

@ Flow over Cvest of Dawm '—g.c:- 3.478 [-'f?i'_l:\’] &(H')%f_’?e{.@ 523
g = ,Dls'.cf«-/ft‘" 06’ wed Hy

c
H’¢ h as delived above | Y = L+ H’

\

ASSump%ov‘d‘
For Fleods ({flow over dawm Cv‘er-@)
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FREDERICIK J. SANGER

CORSULTANT I8 C1viL ENGINEERING
18 BERKMANS STREET
WORCESTER, MASS. ) ,

veptember 18, 1955

)

“he Coces #nife Vo.
att, wr. Yavid L. Zall
vhief Engineer

Spillway at Coes Reservoir, Worcester,.ass.

Introduction. Yhis discussion is in reply to a letter from ar. kall
dated September 8, 1955 and in accordance with our telephone conversation of the

previous evening.

A, Cpna letter to .ir. L.O.marden, County Engineer, from wr. B.RB.izcdinnon,

dated April 29, 1953.

1. There can be no disagreement with the statement on the seriousness of

a dan failure at Coes Reservoir.

5 2. The drainage area of 11.9 séuare miles includes the drainnge areas of
the Holden and Kendsll Reservoirs but not that of Pine Hill HReservoir although that
is connected to the others in the Worcester City,low “ervice, “ater Supply, and
should presumably be included. The total Area then becomes sbout 19 sguare miles
of which about 1 équare mile is water surface. “he reservoirs divert a comparatiwe ly
small amount of wgter for consumption but have a big effect in their storage capecity
which cannot be allowed for withoui guite considerable study. + have studied the

drainage area and agree with Er. kacKinnon's estimate for his assumed area, neglecting

P
reservoir etorage. The value of 2900 cfs seems ryeagsonable since with a rainfall like
that of last month, the storage of verhaps 6" of rain would have left plenty for the
epillways { and for the particular spillway under discussion), The Kinnison-Colby

formulas are based upon a very thorough study of Lassachusetts drainage areas and

are probably the best to be used in this region.
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The spillway sizes quoted by‘nr. +acKinnon are based upon a discharge
coefficient of 3 ﬁhich is what [ would use in the absence of model studies or of
acturl performance figures. His table also neglects the effect of the velocity of flow
overthe s pillway; this is good practice and the effect is less than ha}f a foot in
head, anyway. The coefficient of 3 varies up to nearly 4 and if a new spillway were
to be constructed a model test would be well worthwhile to give a high coefficient
and hence smaller dimensions than those listed. The table atops at 8 ft depth;y if it
were continued to 9 ft, the corresponding length would be 36 ft ( which is less then
what you have n0w), based upon the same assumptions: if the coefficient could be

found more than 3 then the depth could be reduced mterislly and 8 ft or less would
do with a 39 ft spillway.

3, lLetter of fugust 11, 1955 signed by ir. Aspero.

If Lxr, kacKinnon's figures are accepted then this letter requires little
discussion except thzt verhaps the County Commissioners advised by wr. carden might

be prepared to consider alternative propocals for increasing the spillway capacity.

C.'Cn _the past history of the Spillway

The official report on the march 1936 flood states that the water in Coes
Remervoir rose to the height of the dam crest and you told me on the telephone that
the same thing hapoened last wconth. Ehigﬁis_astpnisging“beqqusg_the gauging s tation

EF%?EEEFQ?.ﬁtreEt showed n discharge of three times the ~arch '36 maximum whereas

your s pillway took about the same quantity as before. It is difficult to explain
tfg;zoux.dag wag not overtopped. I estimate that its maximum capacity is ebout 2000
¢fs and the recent flood was certainly quite exceptional and ¢ ould be considered

to be & "rare" flood in the technical sense { i.c. one that would oceour once in

1000 years). The reservoirs musy have been favorably drawn down so as to provide

& very good siorage volume which one cannot count on always. ibout one third of

earth daan failures are caused by - wtopring and the risk is tco high t o rely ucon
sandbags, The future climate o ~cw England will probably include hurricanes :ore

often than before and 1 strong® - .commend that the s pillway capacity be increased.
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D. Possible weys of increasing spillway capacity to 3000 gfs.

1. &r. «arden’s proposal of lewgthening the spillway, lowering its crest,

and installing gates to maintain the water elevation in the reserwoir.
It would seem better to keep the spillway its present length of 39 £t and to
lower the crest a little more. 4 model study could give the actual value of the
discharge coefficient and it is probable that a lowering of less than 2 ft, with
a properly designed crest profile wbuld‘suffice. One foot in depth is worth about
six feet in length here.

2, Lerghening the spillway. If the spillway were extended 25 ft,

or if another spillway 25 ft long were constructed somewhere else On the
reserveir the reguired extra c=pacity could be obtalned without gates. “his

seems to be reasonable.

3. Siphon spillways. | While unusual, siphon spillways are used
successfully., ntere it would take four‘pipes-of 36 éiameter, or an equivalent
cross-sectional area, to take the extra discharge. The pipes or conduits would
be installed over the dam at convenient points 2nd could be automatic or zmanwm 1ly
controlled. 7

4. If the shores of the reservoir can take an increase of 2 ft in water
elevation the rgising of the dam would provide an obvious solution; the additional
storage capacity of the reservoir would be beneficial &ownstraam also. It is
probable that this has been thought of and rejected,however, The dam crest should

be raised about 4 £t to meke a good job.

W

3
%JJ‘%{’* o

F.J.S5anger
Hegistered Professional “rpgineer

Worcester. Ceptember 18, 1§65,
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HYDRAULIC DESIGN FOR
CCES RESERVOIR SPILLWAY
COES KNIFE COMPANY
WORCESTER, MASS.
At
ALDEN HYDRAULIC LABORATORY
WORCESTER POLYTECHNIC INSTITUTE
December 1958

OBJECT

The object of this study was to determine the hydraulic design for the
proposed spillway at Coes Reservoir. The flood discharge to be handied by
the spillway was determined at 3000 cfs by Professor Frederick Sanger at
the start of the study. This figure was found from the application of the
Kinnison Flood Formula and has been checked independently.

APPARATUS

The work was done at the Alden Hydraulic Laboratory where a wooden
flume 2 feet square in cross section and approximately 25 feet fong was
available. The flow into the flume was measured by a 12 x 6" venturi
meter, Suitable baffles racked and a raft provided smooth flow conditions
in the approach channel to the model.

The spillway cross section and the walis of the model were constructed
to a 1/15 scale of wood.

The heads in the model were measured with o hook gage mounted in a
stilling well & feet upstream from the spillway crest. This corresponds to
a point 90 feet out in deep water in Coes Reservoir.

-~

PROCEDURE

In preporation for a test the condition to be represented was first
modeled carefully in the flume. The modifications in general were changes
to the slope of the spillway shape downstream from the crest, change to the
depth of channel approach and modifications to the upstream slope immedi-
ately adjacent to the crest itself. The crest was always a Creager and Justin
shape. :
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The zero of the hook goge was checked with quiet water in the pool.  The
venturi manometer was checked at zero flow.

Then a desired flow was set and a period of at least 5 minutes allowed for
levels to become steady. Two readings of the venturi manometer and five of
the head gage were then taken. Another flow was then set for a succeeding
test,

]

CALCULATIONS

Q KvD

#

Q = Discharge in cubic feet per second
K = Venturi meter constant found by calibration
D = Deflection of venturi~manometer measured in feet of water

where

For the spillway:

Q = CBHY2
where C = Discharge coefficient
' B = Length of crest in feet

H

[t}

Elevation of water surface in pond measured above spillway crest
elevation, No corrections for velocity of approach was maode,

The Froude model relationships were used in this test since gravity and inertia
effects predominate in spillway flow. Viscosity effects are present but considered
a "scale effect” or a correction. Viscosity operates to give a slightly reduced
discharge for a given heod in the model. For the prediction of discharge coef-
ficient the model discharge is therefore o little less than what will be attained in
the prototype, and therefore on the safe or conservative side. No corrections for
viscosity effects were made in these results,

The model ratio is taken as the ratio of two similar lengths in the model and

prototype (subscripts "m™ and "p" respectively), For these model tests the ratios
or transfer coefficients for the various quantities are as follows:
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Quantity Mode| Ratio Description
Length R = 15 By definition
Head(vertical iength) R = 15 By definition -
Area R2= 225 Since Area.——- (Length)?
Volume RS = 3375 Since_ Volume = (Length)3
Velocity RY2 = 3.873 Since Velocity = (29H)i/2
Discharge 72 = 871.4 Since Discharge = {Area)(veloci:
Roughness "n" RVe = 1.570 From Manning Formula

RESULTS

A number of tests were made during the study which had no bearing upen the
fina] results, and have therefore been omitted from this report.

The results of the coefficient tests of the spillway section are presented in
rlotted form in Figure 1.

It will be noted that the coefficient of discharge for the original spillway
section was found to be 3. 11 ot a design head of 5 feet. The coefficient of
dischorge for the recommended spillway ("c" points) was found to be 3.97 at
the head of & feet. This is an increase in discharge capacity of 27% per foot
of spillway length. The fact that this coefficient of discharge is very close to
the normal Creager and Justin value indicates that very littie further improvement
is possible. The desirable hydraulic design indicated by these tests is given in
Figure 2. Briefly the reason for some of these details is as follows:

1. The spillway crest needs a 1/7 slope on the downstream side to achieve
the high value of the coefficient of discharge. A flatter slope seriously reduces
the discharge. For this reason the crest itself must be located near the down-
stream side of the dam.

2. The 2 foot depth in the channel approach brought the flow to the spill-
way crest with very little loss. Shallower depths were tried with a reduction in
discharge copacity.
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3. A sloging upstream face was given a Creager and Justin grofile to reduce
the thrust of ice pressure.

4. The 1/4 flare of the sidewalls at the entrance to the short spiliway channel
was shown by tests to provide the maximum coefficient of discharge. Straight high
walls, or straight sloping walls for the flare made no difference in the discharge
coefficient. Other degrees of flare both greater and less than the 1/4 showed
larger losses and lowered discharge performance.

5. After every effort had been made to secure the maximum discharge
capacity of the discharge section the length of the spillway was computed from the
required flow capacity (3000 cfs), the maximum flow coefficient (3.95) for a head
of 6 feet to be 52 feet.

There is no allowance for wave action in this calculation ond the maximum
discharge of 3000 cfs has been computed with the water level at the top of the dam.
The final length should be determined in conference with the County Engineer,
taking into account such factors as the effective storage on the Coes Reservoir water
shed, the necessary allowance for wave action and the possibility of raising the dam
to provude for the added safety agoinst wave action rather than increasing the length
of the spillway, whichever provides the most economical answer.

The general arrangement for the hydraulic design is given in Figure 2, and the
details of the spillway cross section shape are given in Figure 3.

Very truly yours,

VI

L. J. Hooper

D-15
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